Esterase extraction was done as follows:
(a) Oryza : Mature seeds were placed on moist filter paper in petri-dishes and incubated in a germination chamber for 1 to 7 days at 30°C. Fifty mg of these seeds (include embryo) were harvested each day and homogenized in 1.0 ml of potassium phosphate buffer (0.05 M, pH 7.0).
(b) Astragalus, Beta, Brassica and Raphanus : One g of seedlings, which were grown in a growth chamber for two weeks at 23°C, was homogenized with 2.0 ml of phosphate buffer.
(c) Citrullus and Ipomoea : One g of young plants grown in a growth chamber for three weeks at 30°C, was homogenized with 2.0 ml of the buffer.
(d) Vicia : One g of leaves taken from plants grown under natural conditions for five months, was homogenized with 2.0 ml of the buffer.
(e) Aegilops and Triticum:
Fifty mg of seeds germinated for 24 h at 23°C was homogenized with 1.0 ml of the buffer.
All homogenates were centrifuged at 20,000 X g for 20 min at 0°C. The supernatant (ca. 0.3 ml) was taken and placed on the upper part of the gel (about 70 ,ug eq. albumin per tube) . The pH range of the ampholite was 6-8 for Aegilops and T riticum, and 3-10 for all other materials. The apparatus used for electrophoresis was the same as that described by Nakai and Tsunewaki (1971) . The anode vessel on top and cathode vessel on the bottom were filled with 0.02 M HCl and 0.02 M ethylendiamine, respectively. The apparatus was then placed in a cooling chamber adjusted to 4°C, and an electric current, stabilized at 200 V, was passed through it for 3 h. After electrophoresis, gels were extruded from the tubes, and soaked in phosphate buffer (0.067 M, pH 7.0) for a few minutes, then they were stained with 0.1% Fast Blue RR salt and 0.01% a-and R-naphthylacetate in the same buffer. The esterase zymogram was expressed by both pI value (isoelectric pH value) and activity scores of individual bands.
Protein analysis was carried out using the gel electrof ocusing method after Wrigley (1968) . The same volume of materials as that used for esterase analysis was homogenized with phosphate buffer (0.05 M, pH 7.0) containing 10% sucrose. All samples were centrifuged at 20,000 X g for 20 min at 0°C, then their supernatants were placed on 7.5%
(w/v) acrylamide gels containing a carrier ampholite with a pH range of 3-10 and 4M urea. Five percent sucrose solution was placed on the sample to protect it from the protein denaturation caused by HCI. The electrofocusing procedure was the same as that used for the esterase.
After 3 h, gels were removed from the tubes, and were fixed in 10% (w/v) trichloroacetic acid (TCA) for 12 h. The quantity of protein was measured spectrophotometrically at 280 nm using a spectrophotometer equipped with a linear gel transport (Gilford 240).
RESULTS
Esterase isozymes in diploids and their autotetraploids (a) Oryza: Autotetraploids generally show a slower growth rate than that of corresponding diploids. Using Oryza sativa cv. Shinriki-mochi, changes in esterase zymograms during the growth of tetraploid were compared. The zymograms of one, two, three and seven day-old plants are shown in Fig. 1 . The zymograms of one dayold seedlings of the original diploids and their autotetraploids did not significantly differ. However, differences became evident in two to seven day-old seedlings.
The greatest difference in the zymograms was found seven days after sowing.
The autotetraploids showed much higher activities than corresponding diploids in two bands at ca. pI 6.1 and 6.8 (see Fig. 1 ). Since artificially synchronized growth for a long time was very difficult in the autotetraploids, the esterase zymograms of two day-old seedlings were compared with each other.
The seedlings of the 34 diploid strains and their autotetraploids used are listed in Table la . Totally nine a-(pI 6.1-7.7) and three j9-esterase bands (pI 5.6, 5.9 and 7.4) were detected.
A typical zymogram is shown in Fig. 2-1.
Lack of the major j3-esterase band at pI 5.9 ( Fig parental diploids. In the first (type 1), the diploids and autotetraploids had identical pI bands with the same activity (e.g. Fig. 2-3 ). In the second (type II), they had the same pI bands with higher activities in the autotetraploids than diploids ( Fig. 2-4 ). In the third (type III), the diploids and autotetraploids had different pI bands ( Fig. 2-5 ). The classification of the 34 strains into the three types is shown in Table la . The frequencies of types I, II and III were 34, 49 and 17%, respectively, as summarized in Table 2 . (b) Astragalus: The autotetraploid showed higher activity than did the corresponding diploid (Fig. 2-6 ), so it was classified as type II.
(c) Beta : The autotetraploid had the same pI bands with higher activities than the diploid (type II, Fig. 2-7) .
(d) Brassica pekinensis and B, oleracea : One (cv. Nozaki) of the two strains of B, pekinensis showed identical pI bands with higher activities (Fig. 2-8 ), but the other one (cv. Chif u) had different pI bands from corresponding diploid (Fig. 2-9 ). In Brassica oleracea the esterase activity of the autotetraploid decreased more than of the diploid (Fig. 2-10 ). This can be considered as a variation of type II.
(e) Raphanus : The zymograms for diploid and tetraploid Minowase were almost the same. However, activities of five of the fourteen bands in the tetraploid were higher than those of the diploid (Fig. 2-11 ).
(f) Citrullus : Two Citrullus strains showed higher activity in the autotetraploids than in the corresponding diploids (Fig. 2-12) . Change in the esterase zymogram of 0. sativa cv. Shinriki-mochi when grown in a growth chamber for one, two, three and seven days.
(A) and (B), diploid and its autotetrapoid strains, respectively. Numbers discribed under the zymograms indicate 1, 2, 3 and 7 day-old seedlings, respectively. Arrows with pH value show the changed bands in the autotetraplod.
(g) Ipomoea : One (I, lacunosa No. K231) of the two species tested showed higher activity for the autotetraploid than for the corresponding diploid. The other species (I, triloba No. K180) showed different zymograms for the di-and autotetraploid ( Fig.  2-13 , shown by an arrow).
(h) Vicia: The zymogram of autotetraploid Vicia showed higher activity than that of the corresponding diploid ( Fig. 2-14) .
(i) Aegilops and Triticum : All the autotetraploids of the two Triticum and four Aegilops strains had the same zymograms as their corresponding diploids ( Fig. 2-15 ) ; therefore they were classified as type I (Table lb) .
Protein profile
The electrophoretic patterns of soluble proteins, which were extracted from the diand autotetraploid strains of Oryza, Aegilops, Astragalus, Beta, Brassica, Citrullus, Ipomoea, Raphanus, Triticum and Vicia, were compared. The results are shown in Fig. 3 and Table 3 . Three different relationships for the protein profiles between the diploids and autotetraploids were recognized. They were designated types I, II and III, as were the three types in the esterase zymograms (Table 3 ). The protein profile of the autotetraploid of Astragalus did not differ from that of the corresponding diploid ( Fig. 3-A, type I ). In Oryza, eight strain (0. sativa cv. Aikoku, Betong, Ing-teh-yangnien, Nggeroek I, Norin-mochi, PTB 8 and 5hinriki-mochi, and 0, glaberrima) were tested.
Both the di-and autotetraploid of PTB 8 had three peaks at ca. pI 5.75, 6.9 and 7.6, but the intensities of those peaks were higher in the autotetraploid (Fig. 3-B , type II). In all the other strains, the profile of the autotetraploid differed from that of the corresponding diploid (type III). The typical protein profile belonging to type III is shown in Fig. 3-C .
All Aegilops and Triticum; Ae. squarrosa, Ae, umbellulata, Ae, uniaristata, and T. boeoticum, showed higher peaks in the autotetraploids than in the diploids (Fig. 3-D) . However, T. monococcum showed different profiles in the di-and autotetraploids. Brassica oleyacea, B. pekinensis cv. Nozaki, Ipomoea, and two Citrullus strains showed higher peaks (with the same pI values in the autotetraploids) than in the diploids. The autotetraploid of Brassica oleyacea had different peaks when compared with the diploid (Fig. 3-E) . The autotetraploid strains of Beta vulgaris cv. G09 and Brassica pekinensis cv. Chifu showed less protein content than their corresponding diploids ( Fig. 3-F) . 
DISCUSSION
Three different relationships were found between autotetraploids and their original diploids for both the esterase zymogram and protein profile. Based on these relationships, three classifications were made : In type I the diploid and its autotraploid had the same pI bands with each having a similar activity (or amount).
In this case, the doubled dose of the genes for esterase or protein did not affect the activity or amount of their products.
This relationship was found only in the Gramineae (Aegilops, Oryza and Triticum) and Astragalus, but not in vegetables.
In type II, the diploid and its autotetraploid had the same pI bands with different activities or amounts.
In this case, the doubled dosage of the genes for esterase or protein did not change the quality of the product, but did change its quantity. Most strains showed increased esterase activity or an increased amount of protein in their autotetraploids. Brewer et al. (1969) demonstrated that quadruple dose of chromosome 4B of a common wheat gives higher activity for the same pI bands of alkaline phosphatase than a double dose does. Similar results were obtained by Bergman (1972) and Nakai (1973) with esterase, by increasing the dosage of the chromosome 3A or 3B of common wheat.
Their results indicate that the increase in enzyme activity is directly associated with the increased dosage of a particular chromosome. The increased activity of certain esterase isozymes or the amount of certain protein fractions in some autotetraploids in comparison with their original diploids, seems to be due to the change of ratio in the structural and regulator genes. In Brassica oleracea, the autotetraploid showed decreased activity for some esterase isozymes in comparison to its diploid. In this case, an increased dosage of a regulator gene(s) seems to have been of primary importance in determining the activity of the affected isozyme bands. In type III, some pI bands found in the diploids disappeared and some new pI bands appeared in the autotetraploids.
Although the genetic basis of the phenomena may assume that it is the end result of the interaction between different genes, i.e. a structural gene and its regulator, are affected by the doubling of those genes providing that there was many kinds of the relevant mutation.
For example, it can postulate a hypothetical case to explain the present phenomena.
Two doses of suppressor can mask the action of two doses of the structural gene.
In another case, accumulation of structural gene may cause the mutation, a new pI band would be produced by autotetraploid.
Regardless of what is the real genetic mechanism underlying the appearance or disappearance of some pI bands in autotetraploids, our observations demonstrate that in certain instances autotetraploidy gives a new property to an organism.
SUMMARY
The esterase isozymes and protein profiles of the diploid and corresponding autotetraploid strains of some wild and cultivated plants were investigated using the gel isoelectrof ocusing method.
The esterase zymogram changed with the age of seedlings. The diploid and auto- 
